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Summary 
As a consequence of the fast growing need for Unmanned Aerial System (UAS) operators, some 
operators roles are being fulfilled by fully trained pilots who may be overqualified in some 
aspects and under qualified in others, making the selection, training and retaining of operators 
as important an area of research as ever. This study into UAS operator capabilities was funded 
by the National Aerospace Laboratory (NLR) to gain insight into possible improvements in the 
selection, training and retainment of UAS operators. To study the necessary operator 
capabilities for manning an UAS operating platform, a hierarchical (cognitive) task analysis was 
performed resulting in a set of desired competencies for the effective operation of MALE UASs 
like the General Atomics Predator MQ-1b. Using tests of cognitive and communicative ability, 
test participant characteristics were set against both the ideal, desired competencies for UAS 
operation and the actual performance in flying several missions on a Predator MQ-1B UAS 
simulator. Analysis of the acquired data shows that for at least some of the hypothesized 
competencies, possession of the competency was predictive of UAS simulator performance. 
This relation is however, not linear. Participants can be divided into two types of learners;  
1) high starter/slow learner: scores lower in long term memory and logical reasoning, has a 
better short term memory; and  
2) low starter/fast learner: scores higher in long term memory and logical reasoning, scores 
lower in short term memory.  
These results indicate that the possession of specific competencies can predict start and growth 
performance patterns of UAS operator students which can be used as guideline in the selection 
and training of UAS operators. As a covariate, the ‘game experience’ (number of hours playing 
video games per week) of the participants was taken into account. The results showed a positive 
effect of the game experience of participants on the initial performance on the simulator runs, 
especially in the Air Vehicle Operator (AVO) role. This positive effect may be a promising area 
of research for the future. 
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Abbreviations 
AVO Air Vehicle Operator 
CRM Crew Resource Management 
EO Electro Optical 
GCS Ground Control Station 
IR InfraRed 
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MALE Medium Altitude Long Endurance 
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NRT Near Real Time 
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PoI Points of Interest 
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UAS Unmanned Aerial System 
UAV Unmanned Aerial Vehicle 
USAF United States Air Force 
WAIS-III Wechsler Adult Intelligence Scale - III 
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1 Introduction 
The operational demand for near real time (NRT) imagery and tactical air attacks in hostile 
territories has led to a significant increase in the deployment of Medium Altitude Long 
Endurance (MALE) Unmanned Aerial Systems (UASs) by the US Air Force (USAF) as well as 
by air forces of other countries. The unique characteristics of Unmanned Aerial Systems 
(UAS’s) such as a limited view, waypoint dragging, control delays and detachment of pilot from 
airplane require different skills and attitudes then conventional pilots require. Until recently 
however, MALE UAS operators e.g. in the United States, were fully trained pilots who may be 
overqualified in some aspects and underqualified in others. Unlike traditional piloting, UAS 
operation has not had years of research to perfect its training and selection and still needs to 
mature. Unfortunately, although the level of maturity of the research is not yet up to par with 
manned flights, the need for UAS operators is higher than it has ever been (Office of the 
Secretary of Defense, 2005, United States Air Force, 2009). This research aims at the selection 
process (and subsequent training process) of UAS operators. By examining the competencies 
needed to operate an UAS, and verifying these competencies as important, the selection and 
training of UAS operators could be made more efficient. 
 
This study focuses on the use of MALE UASs, currently the most commonly used UAS type in 
surveillance and warfare. MALE UASs like the General Atomics ‘Predator MQ-1’ are generally 
operated by two operators from a Ground Control Station (GCS) by satellite relay. The GCS 
houses one dedicated Air Vehicle Operator (AVO) and one Payload Operator (PO).  
 The AVO operates the vehicle according to 
the flight plan, semi automatic using the operation 
panel in the GCS or fully manually using the 
joystick (Department of the Army, 2005). 
 The PO controls the sensors on board the 
UAS, typically an Infrared (IR) or Electro Optical 
(EO) camera, according to the sensor plan using the 
designated joystick to reposition the onboard 
cameras (Department of the Army, 2005). The 
mission can be overseen by a Mission Commander 
(MC). 
 If present, the MC processes the tasks, gives Points of Interests (PoI), priorities, and takes 
into account the tactical situation and safety. This results in a mission plan (also known as 
Scheme Of Manoeuvre – SOM) including (1) flight plan, (2) sensor plan and (3) 
communications plan. The MC also attains the big picture (SA) by filtering the information and 
Figure 1: Ground Control Station (GCS) 
for MALE UASs 
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judgment of feasibility and survivability, anticipates on target movement and coordinates the 
information with the crew. Furthermore, the MC has final authority for operating the UAS 
(Drury & Darling, 2007; Department of the Army, 2005). 
 
 
2 Design 
To eventually analyze the underlying psychological and psychomotor factors contributing to 
successful UAS operation it is essential to first get a clear understanding of the tasks an UAS 
operator has to perform to safely, successfully and efficiently operate an UAS system. In order 
to obtain this understanding a combined cognitive and hierarchical task analysis (Seamster, 
Reading & Kaempf, 1997; Wickens, Lee, Liu & Becker, 2004) has been performed using 
literature on the specific tasks of UAS operators combined with insights from known human 
factor problems of UAS’s and observation of simulated flying (Goossens, 2003a; Goossens 
2003b; Drury & Darling, 2007; Endsley & Garland 2000; Nisser & Westin, 2000; Cooke, 
Pringle, Peterson & Connor, 2006; Karowski, 2006). 
 By performing a hierarchical and cognitive task analysis on the main tasks in UAS 
operation, selecting the essential tasks (by difficulty, importance and frequency of use) and 
translating these to skills, the main competencies needed for UAS operation were acquired. 
Competencies were derived for both Air Vehicle Operator (AVO, ‘pilot’ of the UAS) and the 
Payload Operator (PO, in command of payload, e.g. infrared camera). Because the MC is not 
always a part of the UAS team he/she will not be addressed specifically but rather in context of 
cooperation with AVO and PO. A high level summary of the resulted task analysis is presented 
in the table below.  
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Table 1: High level summary of UAS tasks per operator 
AVO PO MC 
The AVO has to perform the 
following tasks to: 
 
- Control the vehicle: consult 
ATC and weather stations, use 
see-and-avoid, basic flying, 
monitor basic instruments, 
forward looking camera and 
communicate with team 
members, remember 
positions, stay within 
Restricted Operating Zone 
(ROZ) and avoid clouds and 
storms. 
 
- React to unforeseen events: 
work with automation, use 
appropriate intervention 
strategy, re-plan the mission, 
see if re-plan conflicts with 
current procedures and if it 
has priority over them, 
acquire new info, analyze it, 
decide and execute.    
 
- Acquire and maintain SA: 
monitor the instruments and 
situation, communicate with 
other crew members and MC, 
and actively use techniques as 
‘sensemaking’ and ‘critical 
thinking’ (Cohen et al., 1996) 
to boost SA. 
The PO has to perform the 
following tasks to:  
 
- Provide data for analysis: 
coordinating the flight path 
with the AVO, choosing 
sensors, zooming in on targets 
and locking them, allocate 
attention between targets, 
identify targets and targets of 
opportunity, and communicate 
with the AVO and MC about 
these targets.  
 
- Acquire and maintain SA: 
monitor the instruments and 
situation, communicate with 
other crew members and MC, 
and actively use techniques as 
‘sensemaking’ and ‘critical 
thinking’ (Cohen et al., 1996) 
to boost SA.  
 
The MC has to perform the 
following tasks to: 
 
- Find and keep track of 
information: monitor the chat 
window, listen to audio 
between AVO and PO, and 
judge the feasibility of the 
operation and the 
survivability of the UAS. 
 
- Anticipate target movement: 
consider the context, use 
clues and intelligence data, 
and coordinate this data with 
the crew.   
 
- Coordinate information: 
give the crew points of 
interests, priorities and 
coordinate the PO so that 
he/she keeps on target, 
describe the target and 
direction to crew. 
 
- Be ready for request for 
mission reports: 
continuously update the 
mission reports during the 
mission. 
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To validate these derived competencies, an experiment was set up, comparing the possibility of 
becoming a proficient operator (expressed in this experiment in terms of steep learning curve on 
simulated missions) to existence of hypothesized competencies available in participants. Two 
hypotheses were tested, one for the AVO and one for the PO role. The first hypothesis 
(connected to the AVO role) is: 
 
Potential Predator MALE UAS AVO’s who demonstrate good performance on 
predicting tests for the following five competencies (1) good communication, (2) 
divided attention, (3) working memory, (4) logical reasoning, (5) freedom from 
distraction, will show an equally good or better performance and/or a steeper learning 
curves on simulated Predator missions than AVO’s lacking these competencies. 
 
The second hypothesis (connected to the PO role) is: 
 
Potential MALE UAS PO’s who demonstrate good performance on predictive tests for 
the following  four competencies (1) good communication, (2) logical reasoning, (3) 
visual search and (4) working memory, will show an equally good or better 
performance and/or a steeper learning curve on simulated Predator missions than PO’s 
lacking these competencies.  
 
To prevent fatigue, the experiment was divided 
into two parts, administered on separate days. In 
the first part of the experiment, participants were 
administered several predictive tests; several 
subtests of the WAIS-III IQ test, an UFOV test of 
divided and selective attention and the IOA 
communicational aptitude test as well as a small 
questionnaire collecting data on, among others, 
game and flight experience. The UFOV measures 
the area from which one can extract visual 
information in a brief glance without head or eye 
movement. The limits of this area are reduced by 
poor vision, difficulty dividing attention and/or 
ignoring distraction, and slower processing ability.   
These tests were chosen for their ability to predict the competencies that were derived from the 
task analysis. After test administration, participants received an explanation of aeronautical 
Figure 2: Exemplary UAS route including 
enemy movements 
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navigation principles, aerodynamic principles of flight and an explanation of UAS operation and 
handling. 
 The second part of the experiment consisted of completing several UAS missions on the 
ROVATTS simulator. ROVATTS is a laptop based simulator for the AVO and PO roles on the 
Predator MQ-1B. Participants were required to fly four missions as AVO and four as PO, 
assisted by a confederate MC that provided feedback and logged data. Participants received 
briefings before and debriefings about their performance after each mission to adequately 
prepare participants and to facilitate learning. Performance measures were collected using the 
simulator log files, chat window reports and screen captured photographs made by the PO. 
These measurements were set against the mission requirements, providing a mission 
performance indication of which penalty points are subtracted if applicable. The average of 
points received on the first two missions gives insight into the initial level of ability, whereas 
the learning effect (average of last two missions minus the average first two missions) gives 
insight into the speed at which the participants progresses as UAS operator. 
 
 
AV
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Figure 3: Overview of experiment set up 
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3 Results 
Outlier analysis was performed on the total of 13 subjects, resulting in one marked outlier – 
participant 11 – who was subsequently removed from the sample. The participant was indicated 
by box plot analysis an outlier in the variable ‘AVO begin score’ which was supported by the 
standardized score of Z = 2.5 on that variable. Subsequent analyses were performed without 
participant 11 resulting in an N of 12. Exploration of the data also found a significantly non-
normally distributed variable ‘AVO begin score’ (D (12) = .265, p = .019) after removal of 
outliers. Because the assumption of normality cannot be reached, subsequent analyses were 
performed using non parametric tests.  
 
Participants were on average 24 years old (SD = 1,1), had high education (minimum college 
level), had normal eyesight or viewing aids, had very limited flight experience (M = .71 hrs 
total, SD = 1.5) and moderate videogame experience (M = 2.5 hrs p/wk, SD = 2.88) as specified 
by the experiment requirements.  
 
To analyse whether the hypothesized competencies are related to the dependant variable 
(performance on simulated missions) a non parametric Spearman’s rho correlation analysis was 
performed. Statistical analysis on the data found several independent variables that correlate 
significantly with the AVO begin score and the learning effect respectively. An overview of the 
trends and correlations of the competencies stated in the hypothesis is presented in the table 
below.  
 
Table 2: AVO begin score and learning effect against predicting variables 
 AVO begin 
score 
AVO learning 
effect 
Frequency of 
communication (1) 
ρ = -.510,  
p = .045 
 
Tension in 
communication (1) 
 ρ = .497,  
p = 0.05  
Working memory 
(3) 
ρ = .442, 
p = .075 
ρ = -.689,  
p = .007 
Logical reasoning 
(4) 
ρ = -.625, p = 
.015 
ρ = .634, 
p = .013 
 
The following competencies that were also part of the hypothesis; divided attention (2) and 
freedom from distraction (5) could not be used in the analysis due to fact that the UFOV test 
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used to test these competencies was insufficiently precise. Virtually all participants scored 
‘high’ on the UFOV test, suggesting a ceiling effect. 
 
A positive trend between the begin score in the AVO role and the variable ‘working memory’ 
(3) (rho = .442, p = .075) was found. Negatively correlated with the AVO begin score are the 
variables ‘logical reasoning’ (4) (rho = -.625, p = .015) and the frequency of communication (1) 
(rho = -.510, p = .045).  
  The learning effect through the four missions in the AVO role is also correlated with 
several independent variables. Significantly positively correlated are the variables ‘logical 
reasoning’ (4) (rho = .634, p = .013), and tension in communication (1) (rho = .497, p = .050). 
Significantly negatively correlated is the variable ‘working memory’ (3) (rho = -.689, p = .007). 
  Further significant correlations found are the significantly negative correlation between 
the initial score on the AVO missions and the learning effect (rho = -.504, p = .047).  
 
Several independent variables were also found to correlate significantly with the PO begin score 
and PO learning effect respectively.  
 
Table 3: PO begin score and learning effect against predicting variables 
 PO begin score PO learning 
effect 
Tension in 
communication 
(1) 
ρ = .497,  
p = .050 
ρ = -.451,  
p = .071 
Logical 
reasoning (2) 
 ρ = .559,  
p = .029 
 
 
Significantly positive correlated with the begin score in the PO role is the variable ‘tension in 
communication (1) (rho = .497, p = .050).  
  The learning effect through the four missions in the PO role is significantly positively 
correlated is the variable ‘logical reasoning’ (2) (rho = .559, p = .029). A negative trend was 
found between the variable ‘tension in communication’ (1) (rho = -.451, p = .071) and the 
learning effect in the PO role. 
  Further significant correlations found are the significantly negative correlation between 
the initial score on the PO missions and the learning effect (rho = -.627, p = .015). Relationships 
between the variable ‘visual search’ (3) and the begin score and learning effects of the PO could 
not be analysed because the test was insufficiently precise, like stated above for the AVO role. 
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The variable working memory (4) did not correlate significantly with either initial score or 
learning effect of the PO.  
 
The analysis of the individual performance measured on basis of initial performance and 
performance increase indicates that there are two different types of UAS operator students; high 
starters/slow learners (type 1) and low starters/fast learners (type 2). The differentiation between 
the ‘type 1 operators’ that start off higher than the ‘type 2 operators’ but show little growth 
versus ‘type 2 operators’ that start off low but show large growth over four missions is reflected 
in the negative correlation between begin score and learning effect in both AVO and PO roles.  
  When compared to see whether the two types differed from each other on a statistical 
level as well as on the basis of their face value, the type 1 and type 2 operator students showed a 
tendency in the difference between the two groups on the variable ‘begin score’ (T = 2.237, p = 
.058 for AVO and T = 1.924, p = .097 for PO respectively) and a significant difference on the 
variable ‘learning effect’ (T = -3.251, p = .028 for AVO and T = -7.505, p = .000 for PO 
respectively). The distribution between participants showing flat learning curves and 
participants showing steep learning curves is graphically presented in figures 4 and 5. Apparent 
is also the overall lower scores on the PO missions, indicating participants had more difficulty 
with these as opposed to the AVO missions.  
 
 
Figure 4 & 5: Individual performance on the AVO and PO missions respectively per stadium 
(begin = 1, end = 2). 
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4 Discussion 
Although not beforehand considered in the hypotheses, a distinct difference in learning effects 
was observed in the collected data. In summary, the following types of learners can be defined; 
 
Type 1. high starter/slow learner 
 
Lower value on the WAIS IQ subtest ‘VBI’ (measuring long term memory, stimulating 
environment (– grown up in) and logical reasoning (of abstract relationships) (Av. 111) 
Higher score on the WAIS IQ subtest ‘Wgl’ (short term memory, attention, mental visualisation 
and manipulation) (Av. 129) 
 
Type 2. low starter/fast learner 
 
Higher score on the WAIS IQ subtest ‘VBI’ (measuring long term memory, stimulating 
environment (– grown up in) and logical reasoning (of abstract relationships) (Av. 123) 
Lower score on the WAIS IQ subtest ‘Wgl’ (short term memory, attention, mental visualisation 
and manipulation) (Av. 118) 
 
These differences in learning effect correspond with some of the predictive variables in the 
original hypotheses, seemingly indicating the existence of different learner types. The 
distinction between low starters/fast learners and high starters/slow learners could indicate a 
ceiling effect, there are several arguments that indicate otherwise: 
 
The majority of participants start between 50 and 60 points, rising only by approximately 5-10 
points whereas a steeper learning curve could reasonably be achieved. 
 
The type 1 operators have distinct (and significantly differing) characteristics which suggests 
that it is more probable that they are part of a different group than that they are part of the same 
group but experiencing a ceiling effect.  
 
Game experience, originally taken into account as a confounding variable, also shows a strong 
positive relationship with the operator performance, in particular with the AVO begin score (Ρ = 
.596, p = .031). This is in line with the finding of another study performed by McKinley, 
McIntire and Funke (2011) where video game experience was found to have a positive impact 
on cognitive skills, which could improve performance on UAS tasks. The relationship between 
game experience and operator selection and training deserves future research.  
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It should be noted that the task analysis performed in this project is based on the Predator MQ-
1B systems under current USAF staffing conditions of one AVO, one PO, a MC and supporting 
personnel and is not necessarily applicable to future UAS’s. Developments in technology, man-
machine interactions, crew concepts and subsequent changes in the dynamics of UAS operation 
could make the current task analysis inaccurate. These changes in the dynamics should be held 
under consideration when applying this task analysis in the future. 
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5 Conclusion 
We can state that the experiment thus far has been successful in the sense that enough data 
could be collected and strong relationships could be deduced despite the (still) limited sample 
size available. The differentiation between two types of operators was not hypothesized but 
became evident through analysis of the data. We found two types of operators with unique start 
and growth patterns and corresponding competencies: 
 
Type 1. high starter/slow learner: Scored lower in long term memory and logical reasoning, had 
a better working memory. 
 
Type 2. low starter/fast learner: Scored higher in long term memory and logical reasoning, had a 
worse working memory. 
 
The hypothesized competencies were thus not simply connected to UAS performance as a 
whole but rather to a type of start and growth pattern over the missions. We hypothesized that 
potential Predator MALE UAS AVO’s who demonstrate good performance on predicting tests 
for the following five competencies (1) good communication, (2) divided attention, (3) working 
memory, (4) logical reasoning, (5) freedom from distraction, will show an equally good or 
better performance and/or a steeper learning curves on simulated Predator missions than AVO’s 
lacking these competencies. We found that working memory was predictive for ‘type 2 
behaviour’, and logical reasoning was predictive of ‘type 1 behaviour’. Support was also found 
that communication was a predicting competency but these results were not uniformly reflected 
in the analyses. The predictive value of attention and freedom from distraction could not be 
assessed due to limitations of the test material. We also hypothesized that potential MALE UAS 
PO’s who demonstrate good performance on predictive tests for the following four 
competencies (1) good communication, (2) logical reasoning, (3) visual search and (4) working 
memory, will show an equally good or better performance and/or a  steeper learning curve on 
simulated Predator missions than AVO’s lacking these competencies. Again, we found that 
working memory was predictive for ‘type 2 behaviour’, and logical reasoning was predictive of 
‘type 1 behaviour’, although working memory was less strongly correlated in the PO role. 
Support was again found that communication was a predicting competency (tension in 
communication, predictive of type 1 behaviour). No evidence was found that the competency 
good visual search was predictive of either type of behaviour. These findings are in line with 
another recent study performed by the AFRL (McMillan, K., K., Chappelle, Lt Col. W., King, 
R., Lt. Col. McDonald, K., (2010)) on the psychological profile of MQ-1 and MQ-9 operators. 
This study found similar results in terms of required competencies, including the ones that were 
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set in the hypotheses but could not be proven. The study, however, made use of interviews of 
operational personnel, that were later validated, which could account for the discrepancies. 
Different competencies thus predict start and growth patterns of UAS operator students 
throughout several missions which can be used as guideline in the training and selection of UAS 
operators. 
 
 
6 Recommendations 
Future research should consider the level of control the operator has over the UAS. The current 
experiment is conducted for the most part using the lowest or second lowest level of control 
(manual control over the UAS and by disabling/enabling the autopilot) in a ‘sandbox’ like short 
mission. While this is an essential part of UAS operation, other levels of control like waypoint 
editing and elements as separation assurance in commercial airspace and transfer of control to 
the Launch and Recovery Element (LRE) are not included. Including these elements may 
provide additional required competencies. Future research should also account for, or focus on 
participants with videogame experience since the results show a distinct positive relationship of 
gaming experience with the initial performance in AVO role. The positive effect of game 
experience on the AVO begin scores may be a promising area of research for the future. 
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